Objective-To determine reliability of the measurement of hip movements (flexion, internal rotation, and external rotation) between medical practitioners. Methods-Six clinicians carried out measurements of hip movements on each of six patients with osteoarthritis of one hip, using a specifically designed plurimeter.
Little is known about the natural history of hip osteoarthritis in its early development, or about the stage at which patients with this disease present to their general practitioner. We need to know more about it in order to investigate the benefits of early treatment, the potential prevention of progression, and the optimal timing of surgical intervention. Such studies should be carried out in primary care, but standard measures of disease severity need to be established in order to monitor change over time within and between practices.
The tool used traditionally to measure osteoarthritis of the hip is the radiograph. The We have therefore carried out a study in which doctors measured movement in the hips of patients with and without osteoarthritis, to estimate the extent of observer variation and to evaluate the performance of a fluid filled plurimeter in recording hip movements.
Patients and methods
Six outpatients, all of whom had symptomatic osteoarthritis of one hip only and no arthroplasty, volunteered to participate in the study.
Six clinicians, including five general practitioner members of the Primary Care Rheumatology Society and a hospital physician, carried out the measurements. There was a short training session in which agreement was reached between the participants on the method of measuring each hip movement. The instrument used in the experiment was a fluid filled plurimeter designed by Dr Jules Rippstein (Switzerland), who had constructed a special footplate for the purpose of the hip measurements ( fig 1A) . The plurimeter has a rotating dial, which allows easy reading of the angle of movement to the nearest 20.
Each clinician examined both hips of each patient once. In each hip, the range of passive flexion, passive external rotation, and passive internal rotation was measured and recorded by the clinician. The order of examination of the movements in each patient by the clinicians was determined by a randomised Latin Square design to ensure that any effect of order on the measurements could be assessed. Analysis ofvariance was used to partition the variation attributable to clinician differences, to patient differences, and to an order effect. Clinician agreement for each measurementhip flexion, internal rotation, and external rotation-was analysed by considering the total amount of variation present in the measurements and determining the amount attributable to the patients (c2rp), the amount attributable to the clinicians (u2d) , and that (any other variation determined) attributable to residual or random variation (We2). The proportion of variation explained by the patients was termed the 'intraclass correlation coefficient' (ICC) and was calculated for each measurement:
Ideally, most of the variation should be explained by patient differences. As results did not differ depending on whether diseased or non-diseased hips were considered, the results have been pooled for both hips.
All statistical analyses have been carried out using the STATA statistical package,4 and for the analyses ofvariance, assumptions regarding the independence and the normal distribution of errors were checked. The assumption of normal distribution of errors was violated in the case of measurements relating to internal rotation; a logarithmic transformation was applied to these data and the assumption of normal distribution of errors was then satisfied.
Results Figure 2A , B, and C, respectively, show 'box and whisker' plots of the measurements made by the six clinicians for hip flexion, internal rotation (outward movement), and external rotation (inward movement). The interquartile ranges of the distribution of readings is shown as the box, the line within is the median reading, and the bars extending out from the box represent the values of the upper and lower readings. Certain 'extreme values' (distance between the observation and median value greater than 1-5 times the interquartile range) are plotted individually as circles. Where no whisker occurs (figure 2B, clinician 4) the extreme reading is the same as the 25th centile; similarly, the median can coincide with an interquartile boundary (figure 2B, clinician 5). The distributions of the individual observers' scores were broadly similar for each ofthe three measurements, suggesting no major systematic bias.
The table summarises the results of the analyses of variance for hip flexion, internal rotation, and external rotation. All analyses of variance indicate strong between patient differences, as expected. The differences between clinicians did not prove significant for any of the measurements. There was no order effect for any of the measurements.
Agreement between clinicians was greatest for hip flexion (ICC = 0-87). For internal rotation and external rotation, agreement was -48 and 0.43, respectively) . Discussion Af movement is smaller for both internal Osteoarthritis is the commonest cause of sternal rotation and hence patient disability in older age groups in Britain, and Ices are small. This is one reason why involvement of the hip its most disabling form, f the differences in readings for these yet generally accepted clinical criteria that vements could be explained by patient would be accessible and reliable for primary Ices, and why more were explained by care physicians to use to diagnose and measure tematic differences between clinicians. progression of the disease, are lacking.
Although 
